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The  NAVSTAR  Global  Positioning  System  (GPS)  is  a  space  based  navigation 
system.  This  system  is  scheduled  to  be  installed  in  a  variety  of  militaury 
platforms.  The  receiver  system  for  GPS  will  be  installed  in  O.S.  Navy 
surface  ships  between  1989  and  1996. 

This  thesis  compares  three  alternative  methods  of  con^leting  this 
installation  program:  1)  installation  during  a  ship's  regularly  scheduled 
overhaxil,  2)  installation  by  a  special  team  of  techniciams,  and  3) 
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installation  by  the  ship's  assigned  personnel.  The  strengths  and 
weaknesses  of  each  method  are  discussed.  A  recoannendation  of 
installation  during  regular  overhaul  is  made. 
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ABSIBICT 


The  HAVSTIB  Global  Positioning  Systea  (GPS)  is  a  spaca 
based  navigation  systea.  This  systea  is  scheduled  to  be 
installed  in  a  variety  of  ailitary  platforas.  The  receiver 
systea  for  GPS  iiill  be  installed  in  OS  Havy  surface  ships 
between  1989  and  1996. 

This  thesis  coapares  three  alternative  aethods  of 
coapleting  this  installation  prograa:  1)  installation  during 
a  ships  regularly  scheduled  overhaul/  2}  installation  by  a 
special  teas  of  technicians/  and  3)  installation  by  the 
ships  assigned  perscnnel.  The  strengths  and  weaknesses  of 
each  aethod  are  discussed.  A  recoaaendation  of  installation 
during  regular  overhaul  is  aade. 
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planned  installation.  They  are:  1)  installation  daring  a 
ships  regularly  schedoled  OTerhaul,  2)  using  a  special 
installation  or  tiger  teas,  3)  utilizing  the  skills  avai* 
lible  in  the  ships  cespany.  Each  sethod  has  advantages  and 
disadvantages,  iith  the  scheduled  installation  date  rapidly 
approaching  the  deterainakion  of  the  nethod  to  be  used  for 
installation  oust  be  sade  soon. 

This  decision  will  be  sade  by  Coasander  Haval  Sea 
Systess  Coaaand  based  on  the  recossendation  of  the  Joint 
Program  Office. 

Ibis  thesis  will  ezaaine  these  three  alternative  sethods 
of  installation.  The  relative  costs  and  the  potential 
advantages  and  disadvantages  of  each  aethod  will  be 
explored.  The  goal  is  to  provide  a  recoaaended  aethod  of 
installation  of  the  Global  Positioning  System  in  OS  Havy 
surface  ships. 

Begazdless  of  the  installation  aethod  that  is  used  for 
the  aajority  of  ships  there  vill  be  special  circuastances  or 
reguireaents.  Ships  whose  installation  priorities  are  so 
high  that  cost  and  schedule  reguireaents  vill  be  of  secon¬ 
dary  iaportance.  These  ships  vill  have  the  systea  installed 
in  the  guickest  manner  and  are  therefore  not  addressed 
herein. 

The  determination  of  the  installation  aethod  for  the  GPS 
will  deteraine  the  costs  that  vill  be  experienced,  and 
thereby  the  funding  profile  needed  to  support  the  installa¬ 
tion.  The  aethod  chosen  vill  also  deteraine  the  schedule 
that  aust  be  followed.  The  different  aethods  vill  experi¬ 
ence  different  rates  of  installation  and  they  vill  provide 
differing  aaounts  of  flexibility.  Since  these  alternatives 
vill  provide  differing  installation  rates,  they  vill  pose 
different  demands  on  the  production  schedule.  They  vill  also 
reguire  differing  nuabers  of  technicians  to  support  the  GPS. 


The  desire  to  introdace  the  systea  as  gaicicly  as 
possible  Bust  be  balanced  against  the  planned  production 
schedule.  The  need  to  hold  costs  to  a  Biniaua  aust  be 
weighed  against  the  needs  of  the  fleet  for  the  GPS.  .  These 
needs  and  the  effects  of  the  systea  introduction  on  the 
aanpewer  awialable  to  the  lawy  aust  be  considered  by  the 
Joint  Pregraa  Office  in  asking  their  recoaaendation  for  the 
installation  aethod.  The  planning  schedule  currently  in  use 
is  reflected  in  the  Prograa  Objective  Heaorandna  1986  (POH 
86)  £Bef.  1].  This  schedule  is  based  on  the  use  of  the 
tiger  teas  installation  aethod.  The  costs  reflected  in  this 
schedule  were  deter lined  using  the  Shipboard  Electronics 
Eguipaent  Installation  (SEBSTALL)  cost  estiaating  aodel. 
This  s^del  was  developed  by  the  ARIHC  fieasarch  Corporation 
of  Annapolis  Hd#  for  Coaaander  Haval  Sea  Systeas  Coaaand 
(Bef.  2]. 

A.  BITBCOOIOGT 

There  is  liaited  available  docuaentation  concerning  the 
installation  options  for  the  GPS.  Accordingly  the  aethod  of 
research  utilized  in  this  thesis  is  priaarily  the  personal 
interview.  This  thesis  collects  the  applicable  knowledge  of 
nuaerous  people  throughout  the  United  States.  The  aajority 
of  the  technical  installation  inforaation  was  provided  by 
the  personnel  at  the  Joint  Prograa  Office  for  the  GPS 
prograa  in  los  Angeles  and  the  Haval  Electronics  Systeas 
Engineering  Center  in  San  Diego  California. 

Analysis  and  conclusions  are  based  on  the  authors  under¬ 
standing  of  stateaents  and  coaaents  gathered  through  inter¬ 
views  and  telephone  conversations.  The  analysis  and 
conclusions  are  the  result  of  interpretations  of  the  infor¬ 
aation  availible  within  the  research  tiae  fraae. 


Jadyei«ats  aad  analysis  of  tiia  author  reflects  and  is 
based  on  bis  personal  experience  as  a  Surface  Warfare 
Officer*  vhlch  includes  a  regular  overhaul  as  a  aeabur  of 
ships  coapany. 

This  thesis  is  priaarily  directed  to  those  readers  who 
are  faailiar  with  tbe  GPS  progras  and  systes.  If  further 
background  inforsaticn  regarding  the  GPS  is  reguired  refer 
to  reference  3. 

fi.  ZBSS2S  OBGIIXZATICI 

Chapter  tvo  provides  a  susaary  of  the  significant  events 
in  the  history  of  space  based  navigation  systeas  and 
discusses  the  HAPSTAB  GPS  coaponents. 

Chapter  three  ezaaines  the  general  prohleas  that  will  be 
encountered  regardless  of  the  installation  aethod. 

Chapter  four  exaaines  the  overhaul  aethod  of  installa¬ 
tion*  the  tiger  teas  aethod  is  ezaained  in  chapter  five*  and 
chapter  six  ezaaines  the  ships  force  installation. 

Conclusions  and  rccoaaendations  are  presented  in  chapter 


seven 


11.  i££  sism 


The  HAVSTAB  Global  Positioning  System  (GPS)  is  a  highly 
accurate  satellite  based  positioning  and  navigation  system. 
GPS  has  been  under  developaent  since  1973.  It  is  a  joint 
prograa,  vith  the  Air  force  acting  as  the  lead  service.  The 
systea  provides  three  diaensional  positioning  (latitude, 
longitude,  and  altitude) ,  velocity,  and  tine  inforaaticn  to 
its  users. 

The  GPS  is  net  the  first  space  based  navigation  system. 
The  idea  has  been  developed  over  several  decades.  The 
inpetus  for  the  space  based  systea  has  been  the  desire  for  a 
highly  accurate  navigational  systea  that  could  aeet  the 
needs  of  a  broad  spectrua  of  users. 

The  Havy  initiated  the  Navy  Navigational  Satellite 
Systea  (TBANSIT)  in  1958.  This  systea  was  priaarily 

intended  to  provide  navigational  inforaation  to  Fleet 
Ballistic  Bissile  suhaarines.  This  systea  becaae  opera** 
tional  in  1964.  The  Navy  also  sponsored  TIBATION,  a 
research  prograa  tc  advance  the  developaent  of  high 

stability  oscillators,  tiae  transfer,  and  tvo  diaensional 
navigation.  Concurrently  the  Air  Force  conducted  preliai- 
nary  concept  foraulation  and  systea  design  studies  for  a 
three  diaensional  navigation  systea  called  the  systea  621B. 

In  1S73  the  Deputy  Secretary  of  Defense  directed  ccabi- 
nation  of  these  research  efforts.  The  Air  Force  vas  design 
nated  as  the  Executive  Service  to  coalesce  the  concepts  into 
a  single  coaprvnensive,  Departaent  of  Defense  systea.  This 
reduced  the  duplicative  design  effort  and  has  reduced  the 
Governaent  expense  by  producing  one  systea  that  aeets  all 
needs  rather  than  producing  several  service  specific 
systeas. 


A.  SlSTZfl  DSSCfilPTlCI 


Tp  provide  navigational  inforaation  the  GPS  uses  three 
■ajor  segaents,  the  space  segaent,  the  control  systea 
segaent,  and  the  nser  systea  segaent. 

The  space  segaent  includes  a  navigation  package  and  an 
integrated  operational  naclear  detonation  detection  systea. 
For  full  operation  this  segaent  regaires  18  satellites  in  6 
orbital  planes  10900  naatical  ailes  above  the  earth.  In 
addition,  back  up  satellites  will  be  placed  in  orbit  to 
ensure  100X  systea  availability  in  event  of  satellite  fail¬ 
ures.  Current  plans  call  for  the  satellites  to  be  launched 
by  the  Space  Shuttle. 

The  control  systea  segaent  consists  of  a  aaster  control 
station,  three  ground  antenna  stations,  and  five  aonitor 
stations  to  aaintain  control  and  accuracy  of  the  satellites. 

Ihe  user  systea  segaent  consists  of  one  of  three  types 
of  receivers  which  process  the  satellite  data  to  deteraine 
position,  velocity,  and  tiae.  To  deteraine  this  inforaation 
the  receiver  gathers  ranging  data  froa  four  of  the  18  satal- 
lites  in  orbit.  It  then  can  coapute  position  to  within  16 
aeters,  velocity  to  0.1  aeters  per  second,  and  tiae  to  100 
nanoseconds.  The  type  of  receiver  used  depends  on  the 
reguireaents  of  the  host  vehicle.  Bhile  stationary  all  sets 
perfora  with  egual  accuracy.  The  low  dynaaic  set  is  a  one 
channel  receiver.  It  gathers  ranging  data  froa  each  of  the 
four  satellites  reguired  for  the  solution  of  the  naviga¬ 
tional  problea  seguentially.  Because  the  inforaation  is 
gathered  seguentially  the  receiver  is  aore  affected  by  plat- 
fora  aoveaent.  If  platfora  velocity  exceeds  25  aeters  per 
second  (approxiaately  50  knots)  the  one  channel  receiver 
cannot  select  the  four  satellites  fast  enough  to  solve  the 
navigational  problea.  This  receiver  is  scheduled  to  be  used 
in  the  aanpack  and  in  vehicles.  The  aediua  dynaaic  set  is  a 
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two  chaanel  receiver.  It  gathers  raaging  data  froa  two 
satellites  siaultaneously  then  selects  two  others  to  obtain 
the  four  required  for  the  solution  of  the  navigational 
probles.  The  two  channel  receiver  is  linited  to  a  platfcrs 
velocity  of  400  aeters  per  second  (approxiaately  775  knots) 
or  less.  The  tvo  channel  receiver  is  scheduled  to  be 
installed  in  ships*  patrol  aircraft*  transport  aircraft*  and 
helicopters.  The  high  dynaaic  receiver  has  five  channels. 
It  gathers  ranging  data  froa  all  four  satellites  required 
for  positioning  data  siaultaneously.  This  provides  essen'* 
tially  real  tiae  positions.  The  five  channel  receiver  is 
scheduled  fcr  installation  in  suhaarines*  fighter*  boaber* 
and  attack  aircraft. 

la  the  capability  of  the  receiver  increeises  the  price 
increases.  This  is  one  of  the  aain  reasons  that  the  five 
channel  set  is  not  scheduled  for  use  in  all  applications. 

The  Air  Force  awarded  a  single  source*  aultiyear 
procureaent  contract  on  a  fixed  price  incentive  basis  to  the 
fiockvell  International  Corporation  in  Hay*  1983  for  the 
production  of  the  GPS  spacecraft  and  related  eguipaent.  In 
Septeaber  1980,  the  Air  Force  entered  a  fira  fixed  price 
contract  with  the  International  Business  Machine  (IBH) 
Corporation  to  develop  the  control  segaent. 

The  contract  for  aanufacture  of  the  receivers  has  not 
yet  been  awarded.  There  are  currently  two  coapeting 
receiver  designs  undergoing  full  scale  developaent.  The 
coapeting  aanufacturers  are  Bagnavox  Advanced  Products  and 
Systeas  Coapany  of  Torrance  California*  and  the  Bockwell 
International*  Collins  Governaent  Division  of  Cedar  Bapids 
Iowa.  The  Defense  Systeas  Acquisition  Be  view  Council  sile- 
stone  III  reveiw  (DSABC  III)  for  production  of  the  receiver 
systea  is  currently  scheduled  for  early  1985. 

These  two  coapeting  designs  are  different  in  appearance 
but  they  have  the  sane  basic  cosponents  and  are  of  siailar 


8lz«  and  weights.  Ccaplete  descriptions  of  all  coaponents 
aay  he  fcund  in  reference  3. 


IZI.  IMSTillATIOM  PLAHMIHG 


GPS  is  scheduled  fox  installation  in  a  vide  variety 
of  silitary  vehicles.  The  sedius  dynasic  set  is  scheduled 
for  installation  in  all  OS  Kavy  surface  ships  between  1989 
and  1996.  [Bef.  1].  GPS  will  provide  these  ships  vith  a 
highly  accurate  all  '  weather  navigation  systea  that  is 
currently  not  available.  It  will  replace  the  Havy 
Havigational  Satellite  Systea  currently  in  use  aboard  scae 
ships.  GPS  will  expand  the  satellite  navigation  systea  to 
all  Havy  ships,  replacing  less  accurate  radio  based  systeas 
such  as  OMEGA  and  Loxan  as  the  priaary  electronic  navigation 
systeas. 

A.  PCIBHIIAL  PBEIISTILLATZOI  PBOBLZHS 

There  are  three  predLnstallation  probleas  that  will  be 
present  regardless  of  the  installation  aethod  that  is 
chosen,  they  are:  long  lead  tiae  itea  procureaent,  secure 
storage,  and  the  evolution  of  the  navy  electronics  suite. 

Several  of  the  connectors  and  auch  of  the  cabling  that 
is  used  in  GPS  installation  are  long  lead  tiae  procureaent 
iteas.  These  iteas  require  advance  planning  in  ordering  to 
ensure  that  sufficient  stocXs  are  on  hand  when  installation 
begins.  Tiae  between  place aent  of  the  order  and  receipt  can 
be  in  excess  of  one  year.  These  long  lead  iteas  are  espe¬ 
cially  critical  if  the  installation  is  to  be  conducted 
during  regular  overhaul.  If  a  ship  does  not  receive  GPS 
during  the  specified  overhaul,  because  of  the  unavailability 
of  parts,  it  will  be  about  five  years  before  that  ship 
enters  overhaul  again.  This  delay  could  force  soae  ships  to 
have  the  GPS  installed  in  an  alternate  aethod  to  remain 


withia  th«  d«8ir«d  iastallatlon  tla«  vladov.  DaaTailability 
of  farta  aoald  also  affact  tha  scbadoliag  of  tha  othar 
Installation  aathods«  althougli  not  as  drastically. 

Balatad  to  tha  yroblea  of  long  land  tisas  is  ona  of 
storaga.  Thara  ara  corrantly  no  dadicatad  GPS  storaga 
facilitias.  Sithar  spacial  storaga  anst  ba  cons tract ad«  or 
it  aast  ba  arraagad  through  Masai  Supply  Cantors.  Tha  loig 
load  itaas  in  particular  and  tha  GPS  aguipaant  in  ganaral 
Bust  have  sacura  storaga  so  that  vhan  an  installation 
coBsences  all  raguirad  itaas  will  ba  asailibla.  Ona  cantral 
varahousa  vould  ^osida  aasa  of  control  osar  tha  supplies, 
and  aasa  raordar  decisions  bacausa  tha  exact  quantity  on 
hand  sould  ba  knosn.  On  tha  othar  hand  sasaral  disparsad 
storaga  facilitias  sould  prosida  faster  sarsica  to  tha 
installation  in  progress  and  loser  shipping  costs  bacausa  of 
shorter  distances  inselsad. 

Tha  uncertainty  of  design  asolutioa  of  tha  lasy  elec¬ 
tronics  suite  is  a  ccacarn  because  tha  GPS  aust  interface 
sith  sasaral  key  alectrcmics  systaas,  such  as  tha  id  sal 
Tactical  Data  Systaa.  As  tha  systaas  that  GPS  interfaces 
sith  ara  aoda mixed  care  aust  ba  taken  to  ensure  that  no 
changes  sake  tha  systaa  incoapatibla  sith  GPS. 

B.  POTBITZAL  ZBSTALXATZOI  OZPfXCULTZBS 

Thera  ara  also  three  installation  pro bless  that  aust  ba 
addressed  regardless  of  tha  aathod  chosen.  They  are  inter¬ 
facing  sith  shipboard  systaas,  drasing  inaccuracies,  and 
differences  bat seen  ships  of  the  saaa  class. 

Tha  first  problea  is  interfacing  sith  other  shipboard 
eguipaents.  The  GPS  sill  interface  sith  a  variety  of 
systeas  such  tha  Haval  Tactical  Data  Systaa  (BIOS),  Carrier 
Masigaticn  Systaa  (CyHS) ,  tha  gyrocoapass  and  tha  alactro- 
aagnetic  log.  Tha  design  of  tha  GPS  receiver  systaa  is  not 


^  jt  ^  ^ 


firi  CBOugh  at  this  point  in  tine  to  plan  ths  aethcd  of 
interfacs.  Thexe  axe  cuxxentlj  two  possible  aethods.  Ihe 
fixst  sethcd  of  intexfacing  is  thxough  a  Flexible  Hodule 
Intexface  (FHZ) .  The  FHI  vonld  be  anijuelj  designed  fox 
each  specific  xegnixeaent.  This  entails  a  sepaxate  design 
fox  each  diffexent  ship  type,  with  the  design  depending  on 
the  electxonic  confignxation  of  each  ship.  This  appxoach 
has  the  potential  of  becosing  vexy  expensive.  Because  of 
this  potential  expense  this  cuxxently  appeaxs  to  be  the  less 
lihely  appxoach.  The  altexnative  to  the  FBI  is  the  fixed 
FHI  ox  sexial  data  poxts.  These  poxts  vould  pxovide  a  stan- 
daxd  output  which  would  then  be  used  to  intexface  with  any 
shipboaxd  systea.  1  coaaon  intexface  unit  is  planned  fox 
follow  on  pxoduction.  This  coaaon  intexface  will  siaplify 
installation  in  the  latex  yeaxs.  Ontil  the  aethod  of  intex- 
facing  is  detexained  exact  installation  plans  can  not  be 
aade. 

A  second  pxoblea  is  the  lack  of  accuxate  dxawings  ox 
bluepxints  fox  all  ships.  llajor  changes  axe  noxaally 
xeflected,  in  the  bluepxints,  hovevex,  ovex  tine  changes 
aade  to  the  ships  have  not  been  xeflected  in  the  dxawings. 
Taken  individually  the  effect  of  each  of  the  unxeflected 
changes  is  insignificant,  in  total  they  aay  cause  pxobleas. 
Ouxing  the  installation  of  GPS  in  the  OSS  Kitty  Hawk  sevexal 
pxobleas  wexe  encountexed  with  inaccuxately  labeled  intexiox 
coaaunications  switchboaxds  (used  in  intexfacing  with  the 
gyxocoapass  and  the  electxoaagnetic  log)  and  aany  pxobleas 
xesulted  fxon  dxawing  inaccuxacies  xegaxding  bulkhead  pene* 
txations.  This  pxoblea  is  aaplified  on  an  installation  as 
large  as  a  carrier.  Each  new  penetration  requires  special 
care  to  ensure  that  the  watertight  integrity  of  the  ship  is 
not  reduced.  Pxobleas  such  as  these  lengthen  the  planning 
stage  by  aaking  physical  ship  configuration  checks  aandatoxy 
for  all  ships  before  any  wiring  plans  can  be  drawn.  The 


tia«  th«  shif  cJiack  aad  tha  actual  iastallatlon  a  oat 
he  held  to  a  aiaiaaa,  or  location  and  apaca  for  agaipaant 
dacidad  on  daring  tka  configuration  check  aay  ba  aaad  for 
anotkar  porposa  and  not  ba  aTailabla.  On  tka  Kitty  Hawk 
problaaa  vara  anconntarad  bacaosa  balkkaad  paaatrationa 
aarkad  for  6PS  installation  daring  tka  ship  ekack  vara  aaad 
'for  aaotkar  parposa  bafora  tka  installation  bagan. 

Xka  third  aajor  pxoblea  is  that  skips  of  tka  saaa  class 
ara  aaldoa  idantical.  Tka  GPS  signal  is  balov  tka  back¬ 
ground  noiaa  laval.  For  tka  racaiver  to  kava  sufficiant 
signal  strung  tk  for  dataraining  position  inf  or  nation  tka 
antanna  auat  ba  xalativaly  fraa  of  alactroaagnatic  intarfar- 
anca  (ESI)  froa  othar  akipboard  aguipnant.  To  ansura  no 
significant  EM2  is  prasant  tka  antanna  position  for  tka  GPS 
Bust.oftan  vary.  Tka  corract  placaaant  of  tka  antanna  again 
raguiras  a  skip  configuration  ckack. 


C.  2ISTII11TX0I  BBQ02BIISIfS 

•  Tka  actual  installation  of  tka  basic  GPS  racaivar  is 
fairly  siapla.  Tka  coaponants  of  tka  racaivar  systaa  ara 
all  ligkt  and  coapact  anougk  so  tkat  aovaaant  by  band  is 
possibla.  Tka  kaaviast  coaponant  is  tka  Sastar  Control  unit 
vkick  vaigks  130  pounds.  Bovaaant  of  coaponants  can  ba 
siaplifiad  tkrous^  tka  usa  of  a  crano/  also,  antanna  placa¬ 
aant  ia  uasiar  vitk  a  crana  but  not  raguirad.  Tka  antanna 
vaigks  20  to  30  pounds  dapanding  on  tka  aodal  tkat  viU  ba 
ultiaataly  sal  acted.  Tka  aost  difficult  aatarial  kandling 
problaa  is  tka  cabling.  For  tka  aost  axtansiva  interfaces 
tka  cabling  raguirad  is  64  vira  cable.  Tka  veigkt  of  tkis 
cable  is  approziaataly  10  pounds  par  foot.  Bovaaent  of  this 
cable  froa  tka  pier  to  tka  skip  vill  raguira  a  crana. 

Xka  priaary  skills  raguirad  for  tka  installation  process 
ara:  electronics  tacknician#  interior  coaaunications 


spseialist,  and  shiffittar.  Tha  skill  lavals  are  roughly 
a^alTilant  to  6S-11  ior  tha  alactronica  tachniciao/  86-10 
for  tha  interior  coaaanicationa  specialist,  and  H6-9  for  the 
shlpfitter  £Ba£.  h]*  The  nasbar  of  personnel  regoired 
depends  on  tha  sixa  of  tha  ship,  tha  length  of  the  required 
cable  runs  and  tha  naid)ar  of  interfaces.  Tha  teas  ragaired 
for  an  aircraft  carrier  is  about  12  people  £Ba£.  5]. 

0.  GPS  PIOTOTTPUG  XI  SOBflCI  SBIPS 

GPS  has  bean  installed  in  and  then  subsegaently  vas 
reaoTad  froa  tha  OSS  Kitty  Havk  (C?-61) .  The  installation 
vas  ccndacted  as  a  two  phase  process.  Tha  cabling  and  the 
foundation  work  vas  installed  daring  regular  overhaul  by  Ihe 
■aval  Shipyard  Breaerton.  The  final  systea  installation  was 
conducted  by  laval  Electronics  Systeas  Engineering  Center, 
San  Diego. 

Planning  is  currently  being  done  for  the  installation 
aboard  the  OSS  Constellation  (CT-64) .  Installation  will  be 
done  by  the  HOS  Coapany  during  regular  overhaul. 

Since  these  ships  were  part  of  the  testing  process 
within  the  full  scale  developaent  (FSD)  phase,  neither  the 
Kitty  Hawk  nor  the  Constellation  installations  fit  exactly 
in  one  of  the  three  aethods  outlined  earlier.  It  is 
possible  however,  to  use  the  experience  gained  in  these 
installations  to  identify  potential  probleas  that  aay  arise 
during  future  installations.  They  also  provide  a  basis  for 
estiaates  regarding  installation  tiae,  costs  and  skills 
required.  The  SEESTAIL  aodel  £Bef.  2]  and  planning  data 
prepared  for  the  Constellation  has  been  used  as  the  base  for 
cost  coaparisons  expressed  herein.  Experience  froa  the 
Kitty  Havk  test  installation  has  been  used  to  highlight 
potential  probleas  during  the  planning  for  the  actual 
installations. 


At  this  writing  plans  for  dswalopsent  do  not  include 
farther  prototppe  testing  on  surface  ships.  By  evaluating 
the  GfS  en  a  carrier  where  the  sost  coaplex  electronic  envi- 
ronsent  in  a  surface  ship  exists  it  is  believed  that  any 
potential  probless  will  be  discovered  £Bef.  6].  Although  no 
further  prototyping  is  intended  the  first  ship  of  each  class 
to  receive  the  GPS  will  undergo  special  testing.  This 
testing  will  be  to  ensure  that  the  installation  on  that 
particular  class  of  ship  is  satisfactory.  Then  all  ether 
installations  for  ships  of  that  class  will  follow  the  sase 
basic  installation  plan  [Ref.  7]. 


IT.  SHIPIAHD  HSIALIATIOM 


A.  SUPTABJ)  CAPACITI 

lh«  U.S.  Departaent  of  Transportation  Haritiae 
Adainistration  condacts  annual  surToys  of  the  shipbuilding 
and  repair  facilities  in  the  United  States.  The  surTey  for 
1983  [Bef.  8]  reports  that  there  are  currently  587  ship¬ 
building  ways  in  excess  of  475  feet,  and  139  repair  facili¬ 
ties  with  berths  in  excess  of  300  feet.  These  facilities  do 
not  include  Haval  shipyards  which  would  increase  the 
capacity  even  further.  There  is  sufficient  civilian 
capacity  available  to  place  all  Bavy  ships  scheduled  to 
receive  GPS  in  a  special  yard  period  at  one  tiae.  This  is 
of  course  inconsistent  with  the  with  reguireaents  for  the 
defense  of  the  nation*  but  it  could  be  done. 

There  are  currently  approxiaately  155*000  people 
eaployed  in  the  shipbuilding  and  repair  industry  [Bef.  9]. 
The  skills  required  for  the  GPS  installation  are  available 
for  hire  if  additional  eaployees  were  required  by  the  GPS 
installation  prograa.  According  to  the  OS  Bureau  of  labor 
statistics  there  were  203000  uneaployed  electrical  workers* 
142000  uneaployed  fabricated  aetal  workers*  and  79000  unea- 
ployed  coaaunications  and  other  public  utility  workers*  in 
Deceaber  1983.  This  uneaployed  labor  pool  is  large  and 
should  be  able  to  provide  any  eaployees  required  by  the  GPS 
installations.  The  problea  with  aass  hires  of  personnel  by 
shipyards  and  repair  facilities  is  that  as  the  pool  of  unea¬ 
ployed  labor  shrinks  the  high  level  of  deaand  aay  increase 
the  ccapetition  for  the  available  labor  forces  driving  wages 
up.  There  aay  be  Iccal  difficulty  with  the  availability  of 
labor.  Although  shipyards  have  historically  shown  fairly 


stable  esploysent  patterns  in  the  aggregate,  eiploynent  at 
individual  yards  fluctuates  widely  depending  on  the  work¬ 
load.  There  are  aass  hires  during  high  activity  periods  and 
■ass  layoffs  as  activity  slacks.  Shipyard  workers  have  also 
^own  an  historical  reluctance  to  move,  even  for  guranteed 
jobs  elsewhere.  The  labor  force  that  is  availible  in  the 
local  area  is  all  that  the  shipyards  have  been  able  the  draw 
upon.  This  lack  of  labor  nobility  could  ispair  an  indi¬ 
vidual  shipyards  ability  to  hire  workers  to  install  GPS.  In 
the  general  case  a  shipyard  has  the  capability  to  install 
GPS. 


E.  PBOPOSEfi  PLII  07  ICTXOB:  SBXPXIEO  XlTSTlLLiTIOB 

The  installations  will  not  be  conducted  enaasse  because 
of  the  adverse  iipact  on  national  security.  Bor  would  it  be 
sensible  to  place  a  ship  in  a  yard  facility  solely  for  the 
installation  of  GPS.  The  skills  required  for  the  installa¬ 
tion  of  the  GPS  are  available  elsewhere.  Ose  of  other 
installation  aethods  would  allow  the  installation  to  be 
coapleted  without  the  incurrence  of  the  significant  overhead 
fees  that  are  incuabent  in  the  aaintenance  of  the  large 
asount  of  fixed  capability  required  by  a  shipyard.  Bavy 
ships  routinely  enter  shipyards  for  regular  overhaul  with 
■ost  ships  scheduled  to  undergo  an  overhaul  every  five 
years.  Idding  the  installation  of  GPS  to  an  overhaul  would 
be  only  a  natter  of  an  addition  to  a  contract  for  overhaul 
work. 

The  current  estiaating  figure  for  shipyard  labor  and 
overhead  costs  are  in  the  range  of  30  to  35  dollars  per 
hour.  The  actual  rate  will  vary  depending  on  the  geographic 
area  (affecting  labor  rates)  and  the  utilization  of  each 
facility  (affecting  overhead) .  The  planning  data  for  the 
OSS  Constellation  fits  into  this  range.  Labor  and  overhead 


rates  used  for  the  Constellation  planning  are  33  dollars  per 
hoar.  Since  the  Constellation  is  part  o£  the  testing 
progras  its  installation  is  onigue.  She  will  receive  both 
of  the  GPS  receiver  designs  that  are  currently  in  cos peti¬ 
tion.  Planning  data  froa  Sapships  San  Diego  estisates  that 
4330  direct  labor  hours  will  be  regnired  to  install  the  two 
systeas.  hssuaing  that  installation  of  only  one  systea  vill 
entail  half  of  the  labor  of  the  dual  installation  there  vill 
be  2165  nan  hoars  regoired.  This  egaates  to  84,645  dollars 
for  labor  and  overhead.  Since  this  installation  is  part  of 
the  testing  of  GPS  rather  than  an  operational  installation 
no  learning  carve  vas  used. 

In  addition  to  labor  and  overhead  the  increaental  costs 
of  the  addition  of  iteas  to  the  overhaul  package  vast  be 
considered.  The  addition  of  GPS  installation  vill  increase 
the  scope  of  the  overhaul  contract  and  nay  increase  the 
negotiation  difficulty.  There  is  also  the  possibility  of 
increased  costs  daring  contract  adainistration.  Contract 
adainistratioai  cost  increases  aust  include  any  costs  that 
are  incurred  by  the  increase  in  the  size  of  the  shipboard 
internal  nacageaent  systea.  Ships  Force  Overhaul  Banagenent 
Systea  (SFQBS)  .  These  costs  are  very  difficult  to  estiaate. 
The  installation  of  GPS  is  not  expected  to  increase  the 
length  of  the  BOH  period.  Any  increase  in  the  length  of  the 
period  vould  entail  incurrance  of  significant  additional 
costs. 

C.  DIFFICULTIES  ISSOCIITED  BITB  SRIPTABD  IHSTiLLATIOI. 

One  of  the  aost  serious  difficulties  vith  the  shipy2ird 
installation  approach  is  that  the  schedule  and  related 
landing  in  POB  86  aust  be  changed.  The  POB  86  schedule  has 
the  installations  for  all  of  the  ships  in  a  class  occuring 
in  one  year.  This  is  not  hov  overhauls  are  scheduled.  Bost 
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ships  are  subject  to  five  year  overhaul  schedules,  this 
places  rcughly  one  fifth  of  the  ships  in  a  class  in  overhaul 
during  a  given  year.  The  current  schedule  calls  for  13 
installations  in  1989,  1  in  1990,  258  in  1991,  19  in  1992, 
52  in  1993,  103  in  1994,  35  in  1995,  and  22  in  1996.  This 
does  net  reflect  the  overhaul  schedule.  Furthersore  the 
installation  vorJc  is  funded  by  operations  and  naintenance 
funds,  which  are  only  availible  for  use  during  one  fiscal 
year.  These  funds  aust  be  rescheduled  to  reflect  overhaul 
tiaing  or  there  will  be  a  large  surplus  of  funds  in  1991  and 
shortages  in  the  other  years. 

Belated  to  this  schedule  and  funding  problea  is  one  of 
reduced  flexibility.  The  overhaul  schedules  are  driven  by 
factors  other  than  GPS.  Since  the  GPS  is  not  a  aajor  sched* 
uling  factor  in  an  overhaul  any  probleas  with  GPS,  or 
related  itea  procureaent,  could  cause  the  ship  not  to 
receive  the  GPS  during  the  originally  planned  overhaul.  The 
GPS  would  then  be  installed  during  the  next  scheduled  over¬ 
haul  for  that  ship  and  this  would  alter  the  installation 
schedule  draaatically.  The  installationprocess  could  not 
siapl;  be  delayed.  The  order  in  which  ships  would  receive 
GPS  would  change  (ie  the  ships  that  had  been  scheduled  to 
receive  the  systea  early  in  the  prograa  would  receive  it 
near  the  end),  unless  of  course  the  installation  was  slipped 
five  years.  The  exact  order  in  which  the  ships  receive  the 
GPS  receiver  in  is  not  such  a  critical  aatter  that  the  over¬ 
haul  aetbod  of  installation  should  be  rejected  solely  for 
this  reason. 

It  is  however  iaportant  that  the  installations  procede 
saoothly.  This  is  where  the  overhaul  installation  plan  aay 
cause  probleas.  The  contracts  for  ship  overhauls  are  issued 
in  advance  of  the  overhaul.  If  the  GPS  becaae  available 
after  the  overhaul  contract  was  issued,  but  before  the 
scheduled  ship  went  through  overhaul,  the  systea  aight  not 
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be  iaatalled.  Siailarly#  if  tbe  s^stea  becaae  unavailable 
for  installation  after  the  contract  vas  finalized  it  would 
require  changes  to  the  contract,  knj  change  to  a  contract 
takes  tise  and  can  add  to  the  cost  of  the  contract.  It  is 
this  lack  of  flezabilitj  that  is  isportant  and  must  be 
considered. 

The  second  probles  area  is  interfacing.  There  are  many 
repairs,  overhauls,  cr  replacesents  of  shipboard  electronic 
systess  during  overhual.  Since  the  sethod  of  interfacing 
with  shipboard  equipsents  is  not  yet  known,  the  equipsents 
that  are  required  for  the  interfaces  are  not  yet  known.  It 
is  probable  that  the  equipaent  needed  for  interface  will  be 
unavailable  for  portions  of  the  overhaul,  and  possible  that 
the  equipaent  would  be  unavailable  for  the  majority  of  the 
period.  The  equipsents  that  GPS  will  interface  with  are 
often  refurbished  during  overhaul.  The  refurbishaent 
includes  the  installation  of  any  required  alterations  or 
field  changes,  and  any  general  aaintenance  that  aay  be 
required.  This  will  coaplicate  the  scheduling  of  installa¬ 
tion.  Once  the  aethod  of  interface  is  determined,  the  exact 
points  of  interface  can  be  determined  and  further  planning 
aay  be  done.  Regardless  of  the  interface  aethod  there 
should  be  soae  tiae  during  the  overhaul  that  all  required 
systeas  are  availible. 

A  third  problem  is  a  low  learning  curve  at  shipyards. 
Historically,  shipyards  have  shown  lower  wages  for  skilled 
workers  than  at  other  skilled  jobs  in  the  saae  area.  These 
lower  wages  coupled  with  the  fluctuations  in  the  eaployaent 
levels  have  produced  turnover  rates  as  high  as  75X  per  annua 
£Eef.  10].  These  high  turnover  rates  reduce  any  learning 
curve  effect  that  aay  have  been  experienced  at  a  shipyard  to 
nearly  zero. 


0.  AOTAllAGES  TO  TBE  OTEBHIOI  IHSTALLAXIOH  HETBOD 


The  lajor  problca  encountered  by  the  Naval  Electronics 
Systeas  Engineering  center «  San  Diego,  installation  team 
daring  the  Kitty  Bavk  installation  was  the  operational 
schedule.  This  problem  can  be  completely  avoided  with  a 
overhaul  installation.  A  ship  in  overhaul  will  not  be 
subject  to  any  unscleduled  operational  reguireaents.  This 
stability  will  allow  the  installation  to  be  conducted  in  a 
logical  flow,  without  interruption,  and  costs  held  to  a 
ainiaua.  Anytime  that  work  must  be  stopped  and  restarted, 
costs  will  be  increased.  This  is  because  workers  aust 
secure  any  partially  completed  work  and  reaove  tools  and 
equipment  from  the  ship.  When  work  recoaaences  all  tools  emd 
equipaent  must  be  set  up  and  the  work  area  reprepared. 
There  is  also  the  danger  of  workers  forgetting  items  that 
were  not  coapleted  before  the  installation  process  was 
interrupted  (the  author  has  experienced  this  problea) . 
These  oaissions  increase  the  probability  of  malfunction  once 
the  equipment  is  completely  installed.  The  increased 

stability  of  the  shipyard  environment  will  improve  the  ease 
of  the  ship  check  as  well.  The  probleas  of  bulkhead  pene~ 
trations  being  utilized  for  other  purposes  will  be  reduced, 
because  there  will  be  less  tiae  between  ship  check  and  the 
actual  installation. 

The  shipboard  environ  sent  during  overhaul  will  also 
facilitate  installation  because,  the  whole  crew  will  be 
oriented  towards  industrial  work.  Fire  watches  will  be 
readily  available.  The  process  of  running  the  cabling  will 
be  easier  because  there  will  be  less  traffic  through  the 
ship.  The  aeabers  of  the  ships  crew  will  have  no  opera** 
tional  reguireaents  to  interfere  with  the  support  of  the 
installation  tea a. 


Installation  by  parsonnal  aaployed  by  the  shipyard  will 
eliainatc  the  need  for  transportation  of  installation 
personnel  to  the  location  of  the  installation,  as  regoired 
by  scae  other  aethods.  This  can  be  a  significant  cost 
factor  in  the  tiger  teas  installation  aethod.  There  are 
also  no  regoireaents  for  per  diea.  Per  diea  for  an  instal* 
lation  teaa,  especially  in  a  high  cost  area,  vill  be  signif¬ 
icant.  These  tvo  expenditures  can  be  totally  avoided  vith  a 
shipyard  installation. 

The  third  advantage  is  the  ease  of  guality  assurance 
inspections.  A  ship  overhaul  has  aany  coaplez  coaponents. 
The  existence  of  the  nuaerous  jobs  that  reguire  a  guality 
assurance  ncraally  reguires  a  peraanent  guality  assurance 
organization  for  the  ship.  This  organization  could  conduct 
the  guality  assurance  work  on  the  GPS  installation  without 
the  added  expense  and  difficulty  that  is  present  in  the 
other  installation  options.* 


T.  asimASlfil  fix  SfifiSifili  IMgIAM,AIISM  ISAfi 


A  tiger  teas  is  a  special  teas  that  would  conduct  the 
installation  of  the  GfS  in  a  ship.  The  teas  would  be  inde¬ 
pendent  of  the  ships  organization.  The  teas  would  arrive  at 
a  ship  install  the  GFS  and  then  proceed  to  the  next  instal¬ 
lation  site. 

A.  TIAH  OBGAIIZAIIOI  OPTIOKS 

There  are  two  questions  that  must  be  addressed  regarding 
the  organization  of  a  tiger  teas  for  GPS  installation.  The 
first  is  what  will  be  the  coapostion  of  the  teas?  Rill  the 
teas  be  sade  up  of  contractor,  federal  enployees,  or  Navy 
personnel  or  will  it  be  a  aizture  of  the  three?  The  second 
question  is  how  sany  teaas  will  be  forned? 

The  cosposition  of  the  teaas  can  have  a  great  effect  on 
the  cost  of  the  Installation.  The  cost  of  the  installation 
is  not  the  only  factor  to  consider  in  the  aaJce  op  of  the 
installation  teas.  Are  there  personnel  in  the  Navy  who  are 
availible  for  assignaent  to  an  installation  teas?  The 
Electronics  Technician  rating  is  currently  aanned  at  102.5  % 
£Bef.  11].  This  surplus  of  Electronics  Technicians  shows 
the  Navy  currently  has  the  aanpower  to  fora  installation 
tiger  teaas.  It  is  difficult  to  predict  the  exact  Navy 
aanning  levels  in  the  1989  through  1996  tiae  fraae,  however 
the  personnel  are  avialable  now  for  assignment  to  a  tiger 
teaa. 

A  Navy  tiger  teaa  should  be  lead  by  an  Electronics 
Technician  Chief.  The  assignaent  of  a  Chief  Petty  Officer 
as  the  teaa  leader  accomplishes  two  purposes,  1)  it  provides 
the  necessary  technical  shill  for  the  installation  and  2) 


the  Chief  will  he  a  responsible  leader  for  the  teas.  Ihe 
teas  should  also  have  a  Hall  Technician  assigned  to  perfors 
the  regaired  soonting  of  the  egaipsent  and  to  install  any 
reguired  balkhead  penetrations.  in  .  Interior 
Coasanicationssan  shonld  be  assigned  to  coaplete  interfaces 
with  ship  systess  such  as  the  gyro  and  the  electrosagnetic 
log.  The  skill  leael  of  these  tvo  positions  is  not  as  crit¬ 
ical  as  that  of  the  llectronics  Technician  [Eef.  12].  They 
will  be  working  under  his  direction,  and  perforsing  tasks 
that  will  be  very  sisilar  regardless  of  the  ship  that  the 
installation  is  being  perforsed  for.  They  can  also  draw  on 
the  skills  of  the  ships  force  to  solve  any  probless  encoun¬ 
tered.  hssignsent  of  Second  Class  Petty  Officers  to  the 
teas  should  provide  all  skills  regaired  in  these  areas. 

Zn  contrast,  if  the  tean  is  to  be  manned  solely  by 
civilians  the  skill  levels  regaired  for  the  installation  are 
6S-11  for  the  Electronics  Technician,  H6-10  for  the  Interior 
Cossunicationssan,  and  V<3-9  for  the  welder  (6S  is  a  General 
Schedule  Civil  Servive  employee  and  the  V6  is  a  Sage  csrade 
Civil  Service  eqployee)  •  ifages  that  would  be  paid  to  a 
6S-11  vary  from  125,366  to  $32,980  per  year.  Using  the 
standard  Civil  Service  of  260  eight  hour  days  in  the  work 
year,  this  converts  to  $12.20  to  $15.85  per  hour.  The  1G 
wage  levels  vary  through  out  the  country,  and  are  based  on 
the  prevailing  local  wages.  Using  the  wage  scale  in  effect 
for  the  Bonterey  California  area,  a  9G-10  would  receive 
between  $10.51  and  $12.27  per  hour  and  a  96-9  would  receive 
between  $10.05  and  $11.72  per  hour.  All  HG  workers  are  paid 
by  the  hour.  If  set  standards  are  exceeded  then  they  are 
paid  overtime.  GS  workers  are  paid  on  a  salary  basis. 

If  the  team  is  to  be  made  up  of  contractor  personnel 
instead  of  government  employees  the  wages  could  vary  from 
the  government  standard.  The  cost  of  a  contractor  tean 
would  be  subject  to  determination  under  standard  contracting 


pcoc«diic«8.  Siac«  th«  cost  of  th«  contractor  taan  is  subject 
to  nsgiotiation  it  is  difficult  to  predict  the  exact  vage 
level  that  would  be  paid.  The  Bureau  of  Labor  Standci^ds 
reports  that  non-superwisor;  aetal  workers  received  an 
average  of  $8.24  per  hour  in  gross  wages#  coaaunications 
workers  an  average  of  SI 1.95  and  electronics  workers  an 
average  of  $10.46. 

In  deteraining  the  nunber  of  installation  teans  reguired 
there  are  several  considerations  that  nust  be  used.  Osing  a 
large  nuaber  of  teaas  would  perait  all  ships  to  have  CPS 
installed  siaultaaeously.  This  approach  would  necessitate 
having  all  GPS  receivers  available  for  installation  before 
the  process  ooaaeaced.  This  is  not  the  aost  logical  aethod. 
By  aatching  the  installation  rate  to  the  rate  at  which  the 
eguipaent  becoaes  available  (the  production  rate)  the  GPS 
can  be  introduced  into  the  fleet  in  the  guickest  nanner# 
there  will  be  no  waiting  for  sore  systeas.  By  installing 
the  receivers  over  a  period  of  tine  rather  than  siaulane* 
ously  the  length  of  tine  that  the  work  will  be  available  to 
'the  work  force  will  be  increased.  The  increased  length 'of 
the  process  will  sake  the  job  of  installer  sore  attractive 
on  the  job  aarket.  Bore  iaportantly  this  will  allow  a 
learning  curve  to  cose  into  effect.  Although  all  installa¬ 
tions  will  be  different  in  terns  of  specific  detail  the 
overall  conditions  will  be  the  sane.  As  each  aeaber  of  the 
tiger  teaa  oonpletes  sore  installations  the  aeaber  will 
becoae  sore  proficient  at  the  work.  This  will  sake  the 
installations  that  occur  later  in  the  process  faster  than 
the  ones  in  the  begining.  Since  labor  costs  are  the  priaary 
costs  in  the  installation#  the  later  installations  will  be 
less  expensive.  This  aethod  of  installation  is  the  only  one 
in  which  the  learning  curve  will  cone  into  full  effect.  In 
the  shipyard  envirionaent  the  learning  curve  is  reduced  by 
high  turnover  rates.  A  ships  force  would  only  conduct  one 
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iastallation  and  therefore  not  benefit  froa  the  learning 
carve. 

She  learning  carve  coaid  he  ased  to  its  fullest  extent 
if  all  the  ships  of  one  class  were  fitted  vith  the  6FS  bj 
the  saae  tiger  teas.  This  voald  allov  the  teas  to  becoae 
very  faailiar  vith  the  regaireaents  of  a  particular  class  of 
ship..  Using  one  teaa  to  coaplete  all  work  for  each  class 
voald  fit  veil  vith  the  current  schedule,  since  aost  classes 
are  scheduled  to  receive  the  6PS  in  a  single  year. 

Scheduling  the  entire  class  to  recieve  the  systea  in  one 
year  creates  several  probleas.  Ships  of  the  saae  class  are 
not  noraally  all  hoaeported  in  the  saae  place.  Since  the 
ships  vill  be  in  several  locations  there  are  tvo  alterna'- 
tives  for  coi^leting  the  installation,  1)  either  the  teaa 
can  go  to  the  ship  cr  2)  the  ship  can  coae  to  the  teaa. 
Sending  the  teaa  to  the  ship  is  the  option  noraally  consid¬ 
ered.  If  each  teaa  vere  to  only  install  GPS  on  one  class  of 
ship  there  voald  be  aassive  travel  regaireaents.  lot  only 
vould  the  teas  have  to  visit  each  port  in  vhich  ships  of 
that  class  vere  hoaeported  they  voald  have  to  visit  each 
port  several  tiaes.  This  is  because  ships  of  the  saae  class 
do  not  have  identical  operating  schedules,  they  vill  be 
available  in  their  hoaeports  at  different  tiaes.  The  alter¬ 
native  to  several  visits  to  each  hoaeport  is  to  have  the 
teaa  travel  to  vhere  ever  the  ship  is  operating. 

This  vould  incur  very  large  international  travel  costs. 
Travel  costs  could  be  reduced  by  using  a  single  teaa  to 
install  GPS  for  all  ships  in  a  given  port.  Hovever  this 
vould  lessen  the  learning  effect  that  vould  be  gained  froa 
having  one  teaa  conduct  all  installations  for  a  class,  but 
vould  not  eliainate  the  entire  learning  effect.  Regardless 
of  the  differences  betveen  ship  classes  the  GPS  installation 
is  siailar  in  all  ships.  The  differences  are  in  eguipaent 
locations,  cable  tooling,  and  eguipaent  that  aust  be 


interfaced  vith.  The  ragaired  airing,  foundation  vork,  and 
interfacing  aethods  will  be  tbe  basically  the  sane. 

Traael  coaid  be  even  farther  reduced  by  establishing  six 
installation  centers.  Tiger  teaas  located  in  Horfolk 
firginia.  Charleston  South  Carolina,  Hayport  Florida,  Pearl 
Harbor  Bavaii,  and  in  Long  Beach  and  San  Diego  California, 
could  install  approxisately  85X  of  the  6PS  for  Hauy  surface 
ships  without  incurring  any  trawel  expense.  This  percentage 
is  based  on  hoaeport  assignaents  in  effect  in  1984. 
[Bef.  13],  [Bef.  14].  The  exact  percentages  will  undoub* 
tably  change  ower  tine,  however  these  six  locations  will 
probably  retain  the  beawiest  concentrations  of  ships.  Again 
with  this  proposal  the  ships  of  one  class  would  not  all 
receive  the  GPS  seguentially,  therefore  not  fully  utilizing 
the  learning  curve.  The  loss  sustained  by  not  gaining  the 
full  benefit  of  the  learning  curve  is  aore  than  offset  by 
the  reduction  in  travel  costs  and  per  deia.  Ships  that  are 
not  hcaeported  in  these  six  hoaeports  could  have  the  GPS 
installed  by  tiger  teaas  asking  special  visits  to  other  hone 
ports. 

Current  travel  costs  are  20.5  cents  per  aile  for 
civilian  workers  using  private  autos.  The  rates  for  air 
travel  vary,  depending  on  the  airfare  to  the  port  location. 
There  is  an  effort  aade  to  utilize  the  least  expensive  node 
of  transportation  so  in  aost  circuastances  the  20.5  cents 
represents  the  aost  expensive  option.  For  civilian  workers, 
the  per  dies  rates  range  froa  $23.00  per  day  to  a  aaxiaua  of 
$75.00  per  day  depending  on  work  location. 

Another  option  is  where  travel  and  per  deia  costs  could 
be  coapletely  eliainated  by  establishing  a  single  installa- 
tion  center,  and  having  all  ships  that  are  to  receive  GPS 
cone  tc  that  location.  The  current  cost  of  aarinc  diesel 
fuel  is  about  87  cents  per  gallon.  This  price  is  very  sensi* 
tive  to  the  world  oil  supply  in  relation  to  the  deaand. 


larg*  TaciatiozuB  in  tba  coat  of  fael  will  affect  this  anal-* 
jsls.  Harine  diesel  foel  is  used  by  the  sa  jo  city  of  Havy 
oon-aoclcar  powered  vessels.  Xhe  ejcact  cates  of  consaaption 
foe  a  particular  ship  are  classified  and  therefore  not 
addressed  herein.  By  using  unclassified  estisates  of 
cossusftion  an  estisated  range  of  $26.97  to  $67.86  per  aile 
can  he  derived  9iis  estiaate  is  based  on  fuel  capacity  and 


range  at  20  knots  as  reported  in  Janes  Fighting  Ships.  This 
estiaate  is  pro]|)ably  high  because  20  knots  is  not  the  aost 
econoaical  speed  for  aost  ships.  This  can  be  cospared  with 
the  costs  of  personnel  travel  to  show  that  aoving  a  ship  is 
sore  expensive  than  aoving  tiger  teaa.  The  $26.97  far 
outweighs  the  20.5  cents. 

Fuel  costs  are  not  the  oaly  consideration  in  aoving  a 
fleet  unit.  The  iapact  on  exercise  schedules,  personnel 
training,  other  aaintenance,  and  established  leave  policies 
nust  be  considered.  The  cost  of  aoving  a  ship  becoaes  unac* 
ceptable  if  a  ship  is  restricted  froa  operational  use  for  an 
significant  period.  This  would  rule  out  the  use  of  a  single 
installation  center.  However,  if  the  six  centers  outlined 
earlier  were  to  be  established  only  about  15$  of  the  ships 
would  be  reguired  to  travel  to  installation  centers.  This 
15$  would  be  even  further  reduced  when  ships  that  ace  hose 
ported  overseas,  and  reguired  for  operations  in  those  over* 
seas  areas  are  exeapted.  These  ships  will  fall  outside  the 
general  installation  plan  because  of  their  iaportant 
aissions. 

The  aost  advantageous  aethod  for  installation  with  a 
tiger  teas  is  the  establishaent  of  six  installation  teaxs  in 
the  aajor  hcaeports,  and  coapleting  installations  in  other 
areas  via  a  traveling  tiger  teaa.  These  teaas  should  be 
aanned  with  Havy  personnel  to  receive  the  aost  econoaical 
wage  rates  for  the  installation  teaas. 


seperate  traval,  tha  probabiltj  o£  separate  rental  cars, 
hotel  and  ether  expenses.  Froa  a  goalitj  assnrance  stand¬ 
point  it  is  best  to  have  the  inspector  travel  seperately 
fron  the  teas,  and  conplete  the  inspection  after  the 
cosplete  installation  is  coapleted.  This  would  idle  the 
installation  teas  while  the  inspection  was  being  conducted. 
The  quality  assurance  inspection  could  occur  after  the 
installation  teas  leaves  the  ship.  This  would  reduce  the 
waiting  tise.  Ilinor  repairs  to  the  installation  could  be 
conpleted  by  the  inspector.  Any  aajor  repairs  would  require 
the  recall  of  the  installation  teas.  The  disadvantage  of 
this  sethod  is  that  the  feedback  froa  the  inspector  to  the 
teas  will  be  delayed  or  incoaplete.  This  night  cause  the 
installation  teas  to  aake  the  sane  installation  error  in 
several  installations.  fiegardless  of  the  final  sethod 
chosen  there  would  be  ineff icieocies.  There  would  be  extra 
travel  expenses  or  idle  labor  forces,  both  costing  extra 
noney. 

A  third  difficulty  with  the  tiger  teas  approach  is  that 
the  teas  will  require  an  operating  base.  There  nust  be 
buildings  out  of  which  the  tiger  teans  could  work.  The  base 
would  provide  storage  for  test  equipnent  and  equipnent  due 
to  be  installed  in  the  near  future.  Cost  of  this  facility 
would  vary  depending  cn  the  area  of  the  country.  A  base  of 
operations  would  not  be  required  with  the  other  installation 
nethods,  shipyards  wculd  use  their  own  facilities  and  ships 
force  would  use  ships  spaces. 

0.  A0TAITA6BS  OF  TBI  TZGEB  TEAS  IHSTALLATIOI 

One  cf  the  prise  advantages  of  this  sethod  is  its  flexi¬ 
bility.  A  tiger  teas,  regardless  of  its  coaposition  can 
easily  accossodate  a  change  in  schedule.  This  is  so  because 
the  teas  would  be  sowing  fros  ship  to  ship  to  conduct  the 


iii8tallatio&s  so  a  cliange  in  ths  order  will  jnst  aean  that 
the  next  installatlcn  would  be  a  different  ship  than 
t  planned.  If  the  next  ship  is  of  a  different  class  than  the 
one  that  had  been  planned#  then  there  sight  be  a  delay  while 
the  required  cid>ling  and  connectors  were  shipped  fros 
storage.  If  the  substituted  installation  was  in  a  different 
location  there  could  be  a  delay  while  the  installation  teas 
and  the  GPS  receiver  were  sowed  to  the  new  location.  This 
delay  could  sost  likely  be  short  enough  to  be  insignificant 
provided  that  the  required  hardware  for  the  installation  was 
available.  If  the  hardware  was  not  available  the  delay 
would  becose  significant  as  the  waiting  tine  for  the  hard¬ 
ware  grew.  This  flexibility  gives  the  Navy  a  nethod  to  seet 
a  changing  environsent.  The  flexibility  of  this  sethod  of 
installation  aust  net  be  abused  by  allowing  individual 
cosnander*s  desires  to  drive  the  installation  order#  thereby 
increasing  the  delays  and  therefore  the  cost.  The  need  for 
rescheduling  can  be  sininized  by  careful  initial  schedule 
planning. 

The  needs  of  the  Vavy  and  the  individual  cossanders 
could  possibly  be  better  served  by  this  sethod  because  it 
allows  the  installations  to  be  conducted  in  a  priority 
aanner  rather  than  in  the  order  that  ships  cose  due  for 
overhauls.  The  priorities  for  the  installation  should  be 
set  by  the  Fleet  Cossanders#  based  on  the  operational 
requiresents  expected  for  each  ship. 

The  sost  significant  advantage  with  the  tiger  teas 
installation  sethod  is  the  benefits  of  the  Ijarning  curve. 
Is  each  teas  conducts  sore  installations  their  proficiency 
and  speed  will  increase.  The  less  tiae  that  is  spent  to 
cosplete  an  installation  the  less  costly  it  will  be.  The 
learning  curve  is  not  evidenced  in  'either  of  the  other 
installation  options. 


1.  CISAB1I2TX 


The  installation  capability  of  a  particular  ship  vill 
vary  with  the  current  Banning  of  the  ship.  Each  ship's 
Banning  allowance  is  structured  for  the  configuration  of  the 
ship.  Then  the  actual  nunber  of  people  assigned  to  a  ship  is 
adjusted  to  reflect  that  ships  fair  share  of  the  aanpower 
awailable  to  the  entire  Hawy.  A  ship's  fair  share  will  wary 
ower  tine  as  the  Banning  levels  change  in  the  Havy. 

Hot  only  does  the  ships  Banning  level  vary  over  tine  but 
the  skill  levels  will  vary  as  well.  The  billets  aboard  a 
particular  ship  are  filled  in  accordance  with  Havy  perscnnel 
policies.  These  policies  attespt  to  ensure  that  each  ship 
has  the  skills  required  to  fulfill  its  aission.  As  in  any 
policy  eaployed  this  is  not  100S  sucessful.  There  will  be 
people  assigned  to  ships  whose  skills  are  deficient. 
Beplaceaent  of  these  personnel  is  possible,  however,  it 
requires  a  significant  effort  and  patience  (tine) .  This 
potential  lack  of  skill  could  be  critical  in  the  GPS  instal* 
lation.  A  ship  does  not  always  have  the  aanpower  base  to 
draw  froB  that  a  shipyard  or  a  tiger  teaa  has.  The  ship 
Bust  install  the  equipaent  with  the  skills  currently  aval- 
lible  or  seek  help  frca  other  sources.  The  option  of  hiring 
another  person  who  has  the  required  skills  is  not  available 
to  a  ship.  (A  tiger  teaa  or  a  shipyard  is  not  restricted  in 
hiring  ability  as  long  as  the  required  skill  is  available  in 
the  labor  aarket.)  If  a  ship  is  faced  with  a  lack  of  the 
required  skills  assistance  can  be  requested  froB  an 
Interaediate  Haintenance  Activity  (IHA) .  An  IHA  is  a  shore 
activity  with  the  aission  of  assisting  in  repair  and 


■aiatenaace  of  ships.  There  are  IflA  facilities  located  ia 
Bost  aajor  hose ports. 

Host  ships  coaid  iastall  the  GPS  with  the  persoonel  that 
are  part  of  the  crev.  BoveYer  soae  ships  say  have  to 
receise  assistaace  from  aa  iateraediate  aaiateaaace 
facility,  bat  this  help  is  readily  aYailihle.  The  GPS  caa 
be  readily  iastalled  by  this  aethod. 

B.  COSTS  ASSOCZAIBl)  IITB  SHIPS  POBCE  IBSTALLATIOI 

The  aost  difficalt  qaestioa  ia  this  area  is:  Shoald  the 
labor  of  the  ships  persoaael  be  costed? 

The  argaaeat  for  aot  costiag  the  labor  is  that  there  is 
ao  additional  cost  to  the  Havy.  The  workers,  whether 
assigaed  to  a  ship  or  an  interaediate  aaintenance  facility, 
are  Hawy  personnel  and  aust  be  paid  regardless  of  what  work 
they  acccaplish. 

The  arguaent  for  costiag  the  labor  is  that  there  is  an 
opportanity  cost  of  asing  these  workers  for  the  GPS  iastal* 
lation.  If  the  GPS  installation  was  condacted  by  soaeone 
other  than  ships  force, the  ships  force  woald  have  been 
atilired  for  other  work.  That  work  aay  hawe  used  the  skills 
regaired  by  the  GPS  installation  or  it  coaid  have  been 
anskilled  labor  perfcraed  by  the  skilled  workers.  The  work 
that  they  woald  hawe  done  aost  likely  will  still  have  to  be 
coaplcted.  This  caa  be  accoaplished  ia  several  ways.  The 
working  hoars  of  the  installation  persoaael  can  be  increased 
or  the  work  caa  be  assigned  to  other  personnel.  Either 
aethod  will  increase  soaeone’s  workload  and  therefore  aorale 
coaid  be  affected.  The  GPS  installation  process  is  fairly 
short,  aa  estiaated  30  days  for  a  carrier  £Bef.  15],  there* 
fore  this  effect  shoald  be  saall.  If  aay  work  is  rescheduled 
to  accoaaodate  the  GPS  installation  there  could  be  effects 
on  other  areas  of  the  ship.  There  nay  be  wasted  aanhoars 


spent  waiting  for  a  Job  to  be  accoaplished  by  a  GPS 
installer,  for  ezaaple  a  welding  job.  The  scheduled  aainte- 
nance  of  electronic  eguipaent  would  have  to  be  rescheduled 
while  electronics  technicians  perfora  the  GPS  installation. 
This  rescheduling  could  affect  the  readiness  of  the  ship, 
especially  in  the  areas  of  coasnnications  and  sensors 
(radars) .  It  could  also  affect  the  ship  in  sore  sundane 
areas,  such  as  the  Planned  Haintenance  Systea  (PdS) .  The  PHS 
is  the  way  that  all  required  prewentiwe  aaintenance  is 
scheduled  aboard  Hawy  ships.  Any  aaintenance  that  is  not 
coapleted  within  the  required  tiae  period  is  considered  not 
to  have  been  coapleted.  This  noncoapletion  can  adversely 
affect  the  ship  grade  in  a  PUS  inspection.  This  inspection 
is  periodically  required,  and  a  certain  grade  is  needed  for 
the  ship  to  qualify  for  various  warfare  area  awards  (such  as 
the  Battle  Efficiency  Award) . 

If  assistance  is  rec'eived  froa  an  IHA  should  this  labor 
be  costed?  An  IBA  has  a  separate  budget  froa  the  ship.  Any 
work  done  by  the  ISA  aust  be  coapleted  under  that  budget. 
Por  the  IBA  records  the  labor  will  be  charged  to  a  partic- 
uleu:  ship,  should  that  charge  be  reflected  in  the  cost  of 
the  GPS  installation?  The  IBA  could  accoaplish  other  repair 
work  for  that  ship  or  for  others  instead  of  working  with  the 
GPS  installation,  so  again  the  opportunity  cost  arguaent 
exists. 

Since  the  workers  who  install  the  GPS  would  not  be  idle 
if  the  installation  was  conducted  by  a  aethod  other  than 
ships  force  it  is  the  opinion  of  the  author  that  the  labor 
should  be  costed.  Additionally  not  costing  the  labor  would 
present  a  false  iapression.  Since  the  aaount  of  support 
equipaent  required  for  the  installation  is  ainiaal  aost  of 
the  installation  costs  are  derived  froa  labor.  By  not 
costing  the  labor  for  one  installation  aethod  the  costs 
would  not  trnely  represent  the  situation. 


C.  PBOPOSZO  PLIH  OF  ACTZOV:  SHIPS  FOECS  ZHSZALLiTZOH 


Ibe  ships  force  installation  teas  will  include  the  sane 
skills  as  the  other  proposed  teaas.  To  deter  sine  the  nakeup 
of  this  teas  it  is  necessary  to  convert  civil  service  stan¬ 
dards  tc  Havy  ratings  and  paygrades.  Osing  the  civil 
service  qualification  standards  a  rough  conversion  can  be 
Bade.  The  standard  for  an  Electronics  Technician  £Eef.  16] 
requires  that  a  technician  GS-8  and  above  haves  six  years  of 
total  experience.  Of  these  years  tvo  are  of  general  experi¬ 
ence  and  four  are  specialised.  One  year  of  the  specialized 
experience  oust  be  directly  related  to  the  position  being 
filled.  These  requirements  are  net  by  a  Chief  Electronics 
Technician.  The  range  of  monthly  vages  for  a  Chief 
Electronics  Technician  is  from  $1255.50  to  $1851.00 
depending  upon  his  or  her  years  in  the  Havy.  These  vages  do 
not  include  a  sea  pay  bonus  or  any  other  special  allovances 
such  as  the  basic  allovance  for  quarters.  Qualification  for 
these  allovances  is  dependant  upon  the  person  in  question. 
Because  these  allovances  vill  vary  depending  on  the  actual 
installer  they  vill  be  omitted  here.  Only  sea  pay  of 
$150.00  (the  basic  rate)  vill  be  included,  by  virtue  of 
being  assigned  to  a  ship  the  servicemember  vill  qualify  for 
at  least  this  amcunt.  Osing  the  same  approach,  the  skill 
level  required  for  the  voider  and  the  interior  communica¬ 
tions  specialist  are  approximately  that  of  a  Petty  Officer 
Second  Class.  Basic  vages  for  these  personnel  range  from 
$791.10  to  $1146.90  per  month  depending  on  length  of 
service.  These  vages,  reduced  to  an  hourly  level,  are  in 
the  range  of  $4.56  tc  $11.54  per  hour,  based  on  the  pay 
scale  in  effect  on  1  January  1984.  The  hourly  rates  vere 
computed  on  the  basis  of  the  standard  Civil  Service  vork 
year  of  260  eight  hour  days.  This  standard  most  likely  is 
conservative  for  the  actual  vork  hours  of  Navy  personnel. 


The  standard  does  pxoYXde  a  basis  for  cosparison.  These 
rates  are  less  than  one  half  of  the  wage  and  overhead  rate 
for  a  shipyard  installation*  consequently  this  nethod  is 
such  cheaper. 

D.  D1F7XCULXXES  VZTB  SHIPS  POBCS  IISTALLATZOH 

The  sajor  difficulty  with  this  aethod  is  the  avail¬ 
ability  of  the  proper  skills  in  the  ships  crew.  As  skill 
levels  vary  so  night  the  quality  of  the  installation.  If 
any  alterations  were  aade  in  the  installation  plans*  because 
of  the  lack  of  skills  or  for  expediency  it  would  be  diffi¬ 
cult  fcr  future  repairs  or  inprovenents  to  be  nade  to  the 
systea.  The  SPS  could  develop  into  a  systea  that  works  fine 
while  the  aenbers  of  the  installation  teas  ace  still 
onboard*  but  fails  as  soon  as  they  leave  because  they  take 
the  knowledge  about  all  of  the  special  aodifications  that 
were  aade  during  the  installation  process  with  theaselves. 

Belated  to  the  range  of  skills  that  would  be  used  to 
install  the  systea  is  quality  assurance.  Installation  by  a 
variety  of  people  in  all  Bavy  ships  would  create  a  very 
difficult  quality  assurance  problea.  The  only  way  to  insure 
quality  is  aaintained  is  to  have  all  installations  inspected 
by  soaeone  not  assigned  to  the  ship.  The  reason  that  the 
inspection  aust  be  ccnducted  by  soaeone  not  froa  the  ship  is 
that  it  is  aost  likely  that  all  shipboard  technicians  will 
be  involved  in  the  installation  effort*  and  it  is  usually 
not  as  effective  for  a  person  to  inspect  his  own  work.  If 
there  are  errors  in  judgeaent  during  the  installation  they 
sight  not  be  discovered  by  the  person  who  aade  the  Judge- 
aents.  If  an  off  ship  quality  inspector  is  used  then  the 
probleas  experienced  by  tiger  teaas  with  travel  and  per  deia 
will  be  introduced  to  the  ships  force  installation  aethod. 


A  second  significant  tdfficulty  is  the  proper  installa¬ 
tion  of  the  antenna  tc  preclade  any  EHI.  This  probles  grows 
with  the  cosplexity  of  the  electronic  suite  of  the  ship,  the 
sore  electronic  eguipsent  a  ship  has  the  nore  difficult  it 
is  to  place  the  GPS  antenna  so  that  it  is  not  interfered 
with.  This  probles  can  not  be  circuawented  by  using  sore 
detailed  instructions  in  the  installation  plans.  There  are 
sany  differences  between  ships,  ewen  ships  of  the  ease 
class,  and  not  all  differences  are  properly  reflected  on  the 
blueprints.  If  the  antenna  is  not  properly  placed  then  it 
will  not  be  able  to  receive  the  satellite  signal  and  no 
navigational  inforsation  will  be  provided. 

The  profclea  of  delivery  of  the  GPS  eguipsent  to  the  ship 
is  also  isportant.  The  eguipsent  should  be  delivered  to  the 
ship  when  there  is  tise  in  the  ships  schedule  to  install  it. 
If  the  eguipsent  is  delivered  during  a  period  that  heavy 
desands  are  being  placed  on  a  ship  it  is  possible  that  the 
GPS  installation  would  be  delayed  until  the  operational 
reguiresents  are  set.  If  the  installation  was  delayed  the 
possibility  of  lost  parts  becoses  a  probles.  It  would  be 
easy  for  parts  of  the  installation  hit  to  be  lost  before 
installation.  Since  there  are  sany  long  lead  tise  procure- 
sent  itess  in  the  package  it  is  possible  that  the  less  of  a 
single  piece  could  force  significant  delays  on  the  cosple- 
tion  of  the  installation.  A  saintenance  availibility  would 
probably  provide  the  best  environsent  for  installation.  The 
ship  will  be  sore  oriented  towards  repair  work,  and  there 
will  be  fewer  conflicting  desands  placed  on  the  crew. 
Training  availabilities  should  be  avoided  because  sany  of 
the  ships  cospany  will  be  at  schools  and  not  availible  for 
work.  Free  tise  in  the  operational  schedule  of  sost  ships 
is  short  and  rare,  so  the  delivery  schedules  would  have  to 
be  closely  watched  with  the  operational  schedule  of  the 
ships. 


B.  A0Y1I2IGBS  TO  ZISTALLiIZOH  BZ  SHZPS  FOBCE 

This  lethod  has  several  advantages.  The  aost  obvious  is 
the  reduced  cost.  This  aethod  can  provide  the  installation 
at  a  cheaper  rate  per  ship  than  either  of  the  other  aethods. 
The  other  advantages  are  schedule  related.  This  aethod 
allows  the  installations  to  he  conducted  in  accordance  vith 
the  PCH  E6  schedule.  If  ships  are  deployed  installations 
could  still  be  accoaplished ,  as  long  as  the  eguipaent  could 
be  shipped  to  the  ship.  This  aethod  also  allows  the 
schedule  to  be  aodified  to  fit  any  changing  priorities.  Zf 
the  installation  priorities  were  changed  there  would  be  no 
effect  or  learning  since  ships  force  does  not  experience  a 
learning  curve. 


Tzz.  caMggages 


Ib«  poxpose  of  this  thesis  is  to  ezaaine  the  various 
alternatives  for  the  installation  of  the  HIT STAB  Global 
Positioning  Systen  in  surface  ships  of  the  OS  Havy.  The 
goal  is  to  find  the  nethod  that  completes  the  installation 
in  both  a  tiaely  and  an  efficient  nanner.  Sone  ships  vill 
not  follow  the  standard  installation  plan  because  of  their 
unique  and  high  priorities.  Ships  such  as  fleet  flagships 
hoaeported  overseas  vill  have  the  GPS  installed  in  the 
quickest  aanner#  even  if  the  quickest  aanner  is  not  the  aost 
logical  for  the  entire  fleet. 

The  ezaaination  of  the  alternatives  lead  to  three 
possible  methods  for  the  installation  of  the  GPS  receiver  in 
surface  ships.  Installation:  1)  During  a  ships  regularly 
scheduled  overhaul#  2)  using  a  special  installation  or  tiger 
teas#  or#  3)  using  the  skills  availible  in  the  ships  force. 

The  choice  of  the  installation  method  vill  net  only 
affect  installation  costs#  but  several  other  items  as  veil. 
The  rate  that  the  chosen  installation  method  vill  introduce 
the  GPS  to  the  fleet  should  be  coordinated  with  decisions 
made  regarding  the  production  rate  for  the  receiver  system. 
The  rate  that  the  GPS  is  introduced  to  the  fleet  vill  also 
affect  the  funding  profile  required  for  training  maintenance 
technicians.  Zf  the  system  is  introduced  slowly  then 
initially  there  vill  be  a  small  demand  for  technicians#  if 
the  system  is  introduced  quickly  the  demand  for  technicians 
vill  have  a  sudden  impact  on  the  funding  profile. 

Zach  of  the  alternative  installation  methods  can  support 
differing  installation  rates.  The  ships  force  and  tiger 
teams  can  support  vide  ranges#  however  if  the  number  of 
installations  drops  below  about  12  per  year  the  workload 


44 


vill  not  be  sufficient  to  support  a  tigw  teas.  The  ship¬ 
yard  installation  rate  is  governed  by  the  rate  that  ships 
enter  overhaul.  Since  the  sajority  of  ships  operate  under  a 
five  year  overhaul  schedule  there  vill  be  about  100  instal¬ 
lations  per  year. 

1.  SOIHIBX 

There  is  no  single  best  alternative.  Bach  of  the  three 
aethods  investigated  in  this  thesis  have  their  own 
advantages. 

Begardless  of  the  sethod  chosen  there  vill  be  probless 
vith  the  current  installation  schedule.  The  current 
schedule  is  based  on  cospleting  the  GPS  installation  for  an 
entire  class  of  ships  vithin  one  year.  This  sethod  is 
feasible  for  snail  classes  of  ships  but  becoses  sore  diffi¬ 
cult  as  the  nunber  of  ships  involved  grovs.  In  devising  the 
the  final  schedule^  things  such  as  the  various  hoseports  and 
operating  schedules  of  each  ship  class  sust  be  considered. 
Por  erasple,  it  vill  be  difficult  to  install  GPS  on  all 
ships  in  a  class,  such  as  the  00-963  class,  in  one  year. 
The  00-963  class  ships  are  hoseported  in  five  different 
places  on  both  coasts  of  the  United  States.  Hot  only  are 
the  ships  spread  over  several  hoseports,  but  they  are 
subject  to  a  variety  of  operating  schedules,  vith  ships  in 
the  Bediterreanean  Sea,  the  Atlantic  Ocean,  the  Indian 
Ocean,  and  the  Pacific  Ocean  at  any  one  tine.  The  coordina¬ 
tion  needed  to  install  the  GPS  in  these  ships  in  a  single 
year  is  very  difficult. 

1  schedule  that  fits  all  three  installation  aethods  is 
difficult  to  derive,  because  of  the  differing  rates  of 
installation  that  the  three  alternatives  can  support.  The 
only  type  of  schedule  that  could  be  cosson  to  all  three 
aethods  vould  be  the  overhaul  schedule.  The  overhaul 


schedal«  dictates  tlia  installation  schaduls  for  that  aethod 
and  ths  ether  tvo  aethods  have  the  flexibility  to  confora  to 
the  cverhanl  schedule.  The  best  scheduling  aethod  is  to 
select  the  installation  nethod«  avare  of  the  effects  that 
each  aethod  will  have  on  the  installation  schedule,  then 
construct  the  schedule.  Regardless  of  the  schedule  that  is 
chosen  the  current  funding  profile,  reflected  in  POH  86, 
aust  he  altered  to  support  the  chosen  schedule.  Since  the 
installation  of  the  GPS  is  scheduled  to  begin  in  1989  the 
funding  regoireaents  aust  be  sade  known  in  sufficient  tine 
to  be  included  in  the  POB  for  1989.  The  installation  is 
funded  vith  operations  and  aaintenance  funds  so  the  POH  aust 
he  aodified  no  later  than  1988  to  ensure  funds  are 
available. 

Preplanned  Product  laproveaent  plans  should  have  ainiaal 
effect  on  the  installation  aethod  choice.  Any  inproveaents 
should  priaarily  affect  the  internal  operation  of  the 
receiver.  Inproveaents  aay  have  an  effect  on  the  reguired 
interfaces,  however,  any  change  in  the  interfaces  would 
priaarily  affect  wiring  of  the  installation  not  the  basic 
installation  aethod. 

Utilizing  ships  force  skills  is  the  least  expensive 
aethod  of  installation.  This  aethod  also  allows  great 
schedule  flexability,  conceptually  all  ships  could  receive 
the  GPS  in  a  single  year,  or  the  installation  could  be 
spread  over  nany  years,  without  a  large  effect  on  the 
installation  coats.  This  aethod  will  coaplete  the  installa¬ 
tion  of  the  GPS  in  a  tiaely  and  econoaical  aanner  initially. 
However,  this  advantage  is  outweighed  by  the  prohlen  of 
guality  assurance.  The  range  of  quality  that  would  result 
froa  this  installation  aethod  is  unacceptable.  The  wide 
ranges  of  skill  levels  reflected  in  shipboard  technicians, 
and  specifically  the  lead  technician,  would  produce  vide 
ranges  in  the  in  the  quality  of  the  installations.  The 


gaality  assurance  work  could  be  done  by  a  guality  assurance 
tiger  teas.  k  tiger  teas  would  introduce  the  disadvantage 
of  travel  costs  to  the  ships  force  installation  aethod,  but 
it*  would  guarantee  better  quality.  The  Naval  Electronics 
Systess  Engineering  Center  installation  personnel  feel  that 
the  ships  force  approach  will  create  enough  quality  probless 
that  the  quality  assurance  tiger  teas  would  be  forced  to  do 
a  significant  a sous t  of  rework.  The  author  concurs  with 
their  position#  that  this  option  is  unacceptable. 
[Ref.  17]. 

The  tiger  teas  sethod  of  installation  allows  a  high 
degree  of  flexibility^  However#  this  sethod  is  restrained 
by  the  large  travel  costs  that  will  be  incurred  for  loveaent 
of  the  tiger  teass  to  the  installation  site.  These  travel 
costs  can  be  greatly  reduced  by  creating  six  installation 
centers  in  the  sajor  ship  hoseports.  Creation  of  six 
installaticn  centers  would  place  a  center  in  the  hoseports 
of  dSS  of  the  levy  surface  ships.  The  creation  of  these 
installation  centers  will  reduce  the  travel  costs  for  the 
tiger  teass  bat  it  will  increase  the  costs  that  lust  be 
incurred  to  support  the  teas.  Zf  a  teas  is  established  with 
a  fixed  base  of  operations  it  will  require  buildings  out  of 
which  to  conduct  operations  and  places  to  store  test  equip- 
sent  while  no  installations  are  in  progress.  The  tiger  teas 
installation  option  can  conduct  the  installations  in  the 
least  asount  of  tise. 

Installation  during  regular  overhaul  is  the  sost  expen¬ 
sive.  This  is  because  the  labor  and  overhead  rates  for  a 
shipyard  reflect  the  availability  of  a  large  asount  of  fixed 
capability#  such  as:  building  ways#  sachine  shops#  and 


extensive  support  facilities.  These  facilities  are  not  used 
by  the  aiS  isstallatica#  however#  they  are  used  by  the  ship 
during  an  overhaul.  The  overhead  due  to  these  extensive 
facilities  is  allocated  os  the  base  of  direct  labor  hours. 
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It  is  fcccaase  of  thoss  allocated  costs  that  the  installation 
of  the  GPS  daring  OTerhaal  is  sore  exponsire. 

Installation  in  a  shipyard  voald  overcoae  sany  of  the 
difficulties  of  the  other  aethods.  For  exasple,  travel 
would  he  elisinated,  work  would  he  perforsed  by  shipyard 
eaployees.  Quality  Assurance  work  would  be  perforsed  by  the 
personnel  assigned  to  the  Supships  Quality  Assurance 
personnel  assigned  tc  the  particular  ship  in  overhaul. 

The  priaary  disadvantage  to  this  aethod  is  the  inflez- 
ability  of  the  schedule.  Ship  overhauls  are  scheduled  as 
part  of  the  ships  operational  schedule*  and  GPS  aust  coafcra 
to  the  scheduled  tiaes  or  the  systea  cannot  be  installed 
during  overhaul.  This  lack  of  flexibility  is  not  totally  a 
disadvantage.  A  fixed  overhaul  schedule  provides  stability 
to  the  installation  schedule.  The  only  schedule  changes 
that  will  occur  axe  those  reguired  by  the  operational 
posture  of  the  Havy.  There  will  be  no  changes  of  the 
installation  order  aerely  to  reflect  a  desire  of  one  unit 
Coaaander  to  have  GPS  before  another  unit.  The  schedule  is 
prepared  in  advance  by  the  Atlantic  Fleet  and  Pacific  Fleet 
Coaaanders*  eliainating  any  need  for  the  GPS  prograa  Office 
to  prepare  a  workable  schedule*  as  would  be  reguired  by  the 
other  inatallatian  aethods.  This  installation  schedule  will 
only  reflect  the  overhaul  schedule*  and  not  any  uniguely  GPS 
driven  iteas.  The  cverhaul  aethod  will  take  aore  tiae  to 
introduce  GPS  to  the  fleet. 

B.  BICGBZIOAXIOB 

The  basic  guestion  is:  what  is  aore  iaportant?  A  siaple 
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fixed  schedule*  ainiaua  cost*  installation  guality*  or  the 
iapact  on  the  production  schedule?  In  the  authors  opinion 
the  installation  aethod  aust  be  selected  on  the  basis  of* 
highest  guality*  ship  availibility*  iapact  on  the  production 
sate*  and  cost. 


Tli«  aaafccr  of  GPS  recelTers  that  will  be  installed  on 
surface  ships  is  snail  coipaced  to  the  total  naafcers  of 
receivers  that  will  le  procured,  therefore  the  iapact  on  the 
production  schedule  is  fairly  snail. 

The  shipyard  installation  aethod  will  provide  an  assur¬ 
ance  of  high  guality  work,  and  a  stable  installation 
schedule  for  the  GPS.  The  shipyard  environnent  also  assures 
ship  availibility.  The  higher  cost  due  to  the  allocation  of 
overhead  is  offset  to  an  extent  by  the  large  reduction  in 
travel  reguirenents.  Because  of  these  advantages  the  author 
reconnends  the  regular  overhaul  aethod  for  the  installation 
of  the  BITSTIR  Global  Positioning  Systen  in  OS  Havy  surface 
ships. 


i£UUIX  4 

sBSXiu  cosi  Bsnimia  hodu 

The  SEESTILI  eodel  coepates  en  estlute  of  the  costs  for  all 
phases  of  a  shipboard  GPS  Installation.  Many  of  these  costs 
are  outside  the  scope  of  this  thesis,  therefore,  only  the 
portion  of  the  sodel  that  deals  vith  installation  costs  is 
addressed.  The  entire  sodel  is  included  in  reference  2. 

This  conputation  using  the  SEZSXALL  model  is  for  the 
installation  of  GPS  in  the  OSS  Constellation.  This  coaputa* 
tion  assuses  that  the  ship  is  hoseported  in  the  sase  loca¬ 
tion  as  the  tiger  tean.  This  assumption  is  aade  because  the 
shipyard  estisates  that  this  SEESTALL  estisate  will  be 
cospared  with  does  not  include  any  travel  expenses. 

The  labor  portion  of  the  sodel  is  detailed  here: 

labor 

a.  Easter  of  foundations: 

installed  14  z  16  HB  »  840 

resowed  0  x  16  HB  «  0 

relocated  0  x  32  HB  »  0 

Husber  of  shelves: 

installed  60  x  2  HB  «  120 

resowed  0  x  2  HB  «  0 

relocated  2  x  4  HB  «  8 

Husber  of  LBOs  (including  antennas  at  deck  level) 
installed  19  x  2  HB  »  38 

resowed  0  x  2  HB  «  0 

relocated  0  x  4  HB  «  0 

subtotal  998 

b.  Bajor  antenna  runs 

to  different  locations  1  x  3  »  3 
to  sane  location  6  x  1  « 
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Bajor  cahla  tons 

to  differ  ant  locations  1  z  2  «  2 

to  saae  location  2  z  1  >  2 

Hinor  caiile  runs 

to  different  locations  69  z  1  «  69 
to  saae  location  0  z.25«  0 

BttBbec  of  cables  repairing 
laz/grottndiag  79  z  1  *  79 

subtotal  148  z  8  «  1184 

c.  Httsber  of  pressure  watertight  penetrations 

penetraticns  through 
special  alio;  aaterial  0  z16  »  0 

secure  penetration  48  z  4  *  192 

other  penetration  0  z  2  «  0 

subtotal  192 

d.  Husber  of  BF  cables  7  z  2  «  14 

flulticonductot  cable  0  z  6  «  0 

subtotal  1 4 

e.  Husber  of  antennas  or  IBHs  installed 

at  sast  level  7  z  8  »  56 

subtotal  56 

f.  (nuBber  of  cables  7  9  nuaber  of  LBOs 

installed  resowed  or  relocated  26)  z  1  «  105 
nuaber  of  IB  Os  installed  26  z  10  «  260 

nuaber  of  LBOs  interfaced  26  z  4  «  104 

subtotal  474 

a^b+c^d+e-t-fs  2918  z  labor  rate  ($7.50)  z  z 

z*  1.6  z  (nuaber  aast  installed  antennas) 
z«  1.6Z  2  •  3.2  installation  cost  •  2918  z  7.5  z  3.2 
»  $70,032.00 

Inf  or  nation  utilized  in  this  calculation  was  provided  by  K 
Gugginsburg  of  the  ABCH2LI  Corporation  of  San  Diego 
California.  The  ABCiELL  Corporation  is  a  subcontractor  to 
the  BOS  Coapany  for  the  OSS  Constellation  GPS  installation. 
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Space  Navigation  Systeas^  HAVSIAR  Global  Positioning 
STSten  Joint  Ptoaaa  Office.  HAVSTAR  Global  Positionina 
STStea  Osers  Overviea  SepteabSf  Ttt2  *  *’*“***^*““ 

Interview  with  L.  Babin  and  I.  Lerner#  Naval 
Calif rOpe§^ar|^^984  Center^  San  Diego 

Ibid 

Interview  with  G.  Burke.  OPE*106>2  Naval  Electronics 
Systeas  Coaaand,  Washington  O.C.  April  1984 

Interview  with  C*  Anderson^  Naval  Air  Developaent 
Center,  Waminister  Pa.  June  1984 


Departaent  of  Transportation, 


Haritiae 


Ibid  p  41 

cSS;i!|.  i..i. 

Interview  with  CDR  T.  Kelly,  Electronics  Technician, 
Enlisted  Ccaaunity  Banager.  Naval  Hilitary  Personnel 
Ccaaand  Washington  DC  flay  1984 

Interview  with  L.  Babin,  Naval  Electronics  Systeas 
Engineering  Center,  San  Dei go  Calif,  flarch  1984 

Coaaander  Naval  Surface  Force  US  Atlantic  Fleet 

Adainistrati ve  Organization  as  of  1  January  1984 

Coaaander  Naval  Surface  Force  US  Pacific  Fleet 

Adainistrati ve  Organization  as  of  1  February  1984 


Intfrviey  with  L,  Babis* ,  Haval  Electronics  Systems 
Enganeerang  Center,  San  Deigo  Ca.  Februeury  1984 

United  States  Civil  Service  Commission,  Qualification 
Standard^  Electronics  Technician  Series.  Decemfcer  1975 

Interview  with  I.  Babin.  Naval  Electronics  Systems 
Engineering  Center,  San  Oiego  Ca.  February  1984 


ApffTgla 


Intexviev  with  CDB  K.  Aanerud#  Deputy  Prograa  Hauager 
NAVSIAB  GFS«  Los  Angeles  ca.  Deceabec  1983^  ^  ^ 


Interview  with  LI  C.  Brehen 
6PS,  los  Angeles  Ca.  Barch 


Joint  Prograa  Office  HAysiAR 


Interview  with  T.  Crawford#  Haval  Security  Group.  Washington 
D.C.  January  1984  *  s*  'a 

Interview  with  C.  Palchetti.  Baval  Air  Developaent  Coaaand# 
Harainrster  Pa.  January  1984 

pi  ter view  with  LI  B.  Hart. ^ Joint  Prograa  Office  HAVSTAB  GPS# 
los  Angeles  Ca.  Decearer  i983 

Inte^veiw  with  D.  Horn.  Haval  Sea  Systeas  Coaaand# 
Washington  D.C.  January  1984 


Interview  with  J.  Kindig# 
Angeles  Ca.  Deceaber  1983 


Systeas  Control  Technology#  Los 

Interyiew  with  CDB  S.  Water nan #_Cost  Analysis  Division  Haval 
Hateriel  Coaaana#  Washington  D.C.  April  1984 

Landgrover .£.  and.Bausch.p.  Surv< 
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